To provide information on the water quality and productivity of waterfalls, monthly samples were taken from three sites along the 6817.7m long Agbokum waterfalls for 24 months (January 2007-January 2009) during wet and dry seasons. Apart from pH, Cadmium (Cd), Chromium (Cr) Ammonium (NH4+), Lead (Pb), alkalinity, Surface Temperature, Air temperature, water velocity and rainfall, all other environmental parameters showed significant variation between sampling sites. Most parameters including water discharge (1496.5 ± 82.9), dissolved oxygen (9.6 ± 0.2), conductivity (69.0 ± 18.5), calcium (16.9 ± 1.2), magnesium (2.5 ± 0.04), silicon (2.5 ± 0.04), Iron (0.08 ± 0.02), Manganese (0.8 ± 0.2), Total solids (178.6 ± 8.8) and Total hardness (74.5 ± 4.3) were highest in waterfalls region (midstream) of the river. Deleterious levels of Fe, Pb, Cd and Mn, above recommended levels, in the waterfalls region of the river and in the wet samples coupled with the acidic nature of the wet samples poses potential health hazards to the aquatic organisms and the inhabitants of the area that use this water resource directly for domestic purpose without treatment. The results indicate a deteriorating water quality of Agbokum waterfalls with the waterfalls region and wet season being most critical in the effective management of the water body.
Introduction
Water resource is one of the major components of environmental resources threatened by exploitation and pollution due to human activity (Efe, 2002a) . In the developing countries, good quality water is scarce because of environmental pollution and degradation (Efe, 2002b) . Regular monitoring of water resources in the area is therefore important for proper management strategies. Waterfalls, most of which are formed from stream or river which cascade from a high elevation over a cliff or rock, had very little attention from researchers the world over. In Africa, the reason being that, waterfalls were named after deities and were used as places of traditional and ancestral worships. In other places, the intensity of waterfalls and pressure generated from it due to gravity has given the impression of a lifeless zone (Chernicoff et al., 1997) . Knowledge of waterfalls systems in Africa are therefore limited to hydrology and geological features (Fischer and Harris, 2003; Chester et al., 1999) and as natural monuments for revenue generation because of their ecotourism potentials (Ayodele, 1988; Krinitskii, 1972) .
Physico-chemical characteristics are very vital water quality monitoring parameters due to their instability once water is extracted from its source. Knowledge of physico-chemical parameters provides information on the productivity of water resource, type of water treatment process to be adopted and permit better understanding of the ability of populations of organisms to survive in them (Boyd & Lichtkopeller, 1985; Ayodele & Ajani, 1999; Adebisi, 1981) . Different causal influences which determine the quality of water show a characteristic change from season to season (Islam et al., 1974; Chowdhurry & Mazumder, 1981; Nasar et al., 1991) .
Water quality researchers had restricted their work on rivers, stream and Ocean (Etim & Akpan, 1997; Akpan & Offem, 1993; Ama-Abasi et al., 2004; Rahim et al., 2002; Chapman, 1996; Daddy & Falaye, 2004; Balogun & Aduku, 2004; Mbagwu, 1991) . However, little or no work had been carried out on parameters of the waterfall ecosystem. This paper, therefore, investigated the dynamics of physical and chemical parameters of a waterfall in south eastern Nigeria at spatial and temporal scales.
Materials and Methods

Study area
The study area is Agbokim Waterfalls in Cross River State, Nigeria, latitude 5 0 59' North and longitude 8 0 45' East. It is bounded in the West by the Cross River and in the North by the Cameroon high forests. The climate is the tropical hinter-land type, with wet (May-November) and dry (December-April) seasons. Mean annual temperature ranged between 20 0 C and 32 0 C and annual total average rainfall, from 1450mm to 3015mm. The vegetation is the rainforest type with Soil consisting of deep laterite and dark fertile, clayey and loamy soils. The Waterfalls is drained by two small rivers, Ekue and Bakue, which are tributaries of the Cross River system. Of ecological importance are numerous small pools and swamps which are found along the length of the waterfalls. The high annual discharge and rainfall of the area provide excellent buffers against natural ecological stresses such as drought (Teugels et al., 1992) . For the purpose of this study, the 6817.7m long waterfall is divided into three reaches; upstream, midstream (region of water fall) and downstream. Upstream is 2003.13m long with substrate of gravel and rocks under fast water current and shoreline covered with high forest and cocoa farms, Midstream length of 807.42m has substrates of sand and rocks under heavy water turbulence with shoreline sparsely shaded with vegetation while downstream length, 2003.13m has fine sand and clay under slow water current with an extensive wide area.
Hydrological parameters
Three sampling sites were selected along the length of the water falls, with one site randomly occurring in each of the three reaches. Monthly hydrological and physico-chemical parameters were taken for 24 months (January 2007-January 2009), in all sampling stations during wet and dry seasons.
Rainfall data for the study area were obtained from weather meteorological station located at the sampling site. Water level was determined with a lead sinker attached to a calibrated rope. The sinker was lowered down into water until it reached the substrate. The depth was then read from the calibrated rope. The procedure was repeated in two other locations randomly selected from the edge and middle of water within the sampling site. In smaller sites water level was determined by a rope marked at 2.5m interval and strung across the river. A measuring pole was used at every marker to determine the depth at that point. For larger sites a Lowrance depth sounder was used to take reading every 5 seconds while crossing the river at a steady speed. River width was measured with a long calibrated rope in three places in each sampling sites and the average was taken. Water velocity (flow velocity) was determined to 0.03m/sec accuracy with Wagtech current flow meter, model WFM001 with 125mm diameter impella. Water discharge was determined as in Fischer and Harris (2003) 
Physic-chemical parameters
Temperature values were recorded from a mercury-in glass thermometer graduated in units of 0 C and measured to the nearest ± 0.1 0 C by immersing the thermometer slightly under the surface of water (2cm) for 5 minutes until mercury stood at one place. Pye Unicam Model 7065 electronic metre at 250C measured to the nearest ±0.1 after standardization with buffer solution at pH 4, 7 and 9 was used for pH. The dissolved oxygen concentration of the water samples was determined to accuracy of ± 0.1%, with a Fischers digital oxygen analyzer. Water transparency was measured by use of Secchi disc (Golterman, 1969) . The disc was lowered into water and the depth at which it became invisible was recorded. It was then gradually withdrawn from the water and the depth at which it became visible was noted. The transparency of the water at that station was the mean of the two readings. For the total dissolved solids (TDS), the Hach TDS meter was put on, the reading zeroed and then the electrode dipped into the water sample and the reading taken to the nearest ± 1% of full scale approximately. Conductivity was assessed by putting on the Suntex conductivity meter, adjusting the reading portion and dipping the meter into the water sample and approximate reading taken to the nearest ±1% of full scale. Total hardness, ammonia, free Carbon dioxide, Acidity, Chemical Oxygen Demand, was obtained by titrimetric method (APHA, 1998) . Ammonia, Nitrate and Phosphate were measured according to "Standard Methods for the Examination of Water & Wastewater," (APHA, 2005) . Biological Oxygen Demand was determined by difference between initial and final dissolved oxygen after incubation for 5 days at room temperature of (20 0 C). Total alkalinity was measured by titrating water samples with sulphuric acid standard solution, using a drop of phenolphthalein solution and one sachet of bromcresol green-methyl red as indicator, until the sample changed from blue green to pink. Total alkalinity which is expressed in mg/L is the total number of drops of sulphuric acid solution used multiplied by 17.1 (Fish Farmers' Water Quality Testing Kit Manual, 1990) . Bicarbonate ion was measured with pH electrode dipped into the tip of the conical container. Sample water was passed through until a constant reading was obtained and a marble powder was added, to completely cover the electrode ball. After about 2 minutes, the pH was read again. The temperature of the marble was monitored with thermometer during measurement. Carbonate ions was determine by placing hydrochloric acid, between 2 and 10 ml of water sample in a gas generator and insert tube filled with 20 ml hydrochloric acid (10%). After connecting to the apparatus, the graduated tube was filled by raising the level container. The gas generator was then tilted so that the hydrochloric acid makes contact with the floor. A pressure compensation was attained by sinking the container so that, after about 10 minutes the gas volume can be read. Color was determine by assembling Filter apparatus (membrane filter, filter holder, aspirator and folter flask) and allowed about 50 ml of dematerialized water to pass through to rinse the unit. Discard rinse water. Approximately 50ml of water sample was filtered and 25 ml poured into another clean cell. The dematerialized water was placed in a cell holder and sample compartment door was closed. The demineralization was used to set the zero concentration point.
To assess the levels of the heavy metals, running water (2.0 litre) from the three sites of the river were collected from plastic containers that have been evacuated and fully sterilized. A portion of the water sample (50 ml) were fixed using concentrated nitric acid and hydrochloric acid in a ratio of 1: 10 respectively, which was meant to digest particulate matter inside the sample by heating in a water bath to obtain thick yellow solution, and later was cooled and made up to 100ml with distilled water. The samples were then directly analyzed to within ±1.0nm accuracy using the Bulk Scientific Atomic Absorption Spectrophotometer (AAS). For each heavy metal, specific concentration standard was run, to prepare a calibration curve from which the concentration of the heavy metal was read directly from the AAS VDU system.
Results
Environmental parameters
All environmental parameters, except pH, Cadmium (Cd), Chromium (Cr) Ammonium (NH4+), Lead (Pb), alkalinity, Surface Temperature, Air temperature, water velocity and rainfall, showed significant variation between sampling sites (p<0.05) ( Table 1) . Highest values of water discharge (1496.5±82.9), dissolved oxygen (9.6±0.2), conductivity (69.0 ± 18.5), calcium (16.9±1.2), magnesium (2.5±0.04), silicon (2.5±0.04), Iron (0.08±0.02), Manganese (0.8±0.2), Total solids (178.6±8.8) and Total hardness (74.5±4.3)were recorded in waterfalls region (midstream) of the river while water level (4.8±0.6m), size(160.4±9.2), depth (68.9±2.9), transparency (28.8±3.4), Biochemical oxygen demand (BOD) (4.8±1.2), Phosphates (2.9±0.2), sulfates (19.8±7.7), Nitrates (0.8±0.6), Chlorides (15.4±4.2) and Total dissolved solids (88.4±4.2) were highest downriver. Most parameters, except, BOD, Phosphates, sulfates and chlorides were lowest upstream.
The data showed that rain fell in most months (May-January) during the period of study, and that water level was positively correlated with rainfall intensity. Due to variation in flood regime caused by dry and wet season, water level and water depth fluctuate and the values of Secchi disc transparency were inversely proportional to water level (Wl), water depth (Wd), water velocity (Wv), water discharged (Wdi) and conductivity (CD) ( Figure  2 ). Wet month values of Wl (7.6m), Wd (9.8m), Wv (1.8 m/s), Wdi (845m 3 /s) and CD (136.4 µS/cm ) were higher than dry season values (7.5m, 1.5m, 0.6m/s, 248.8m3/s and 34.5 µS/cm, respectively) while dry season transparency was higher (0.5m) than wet (0.1m). Also, some chemical properties like TS, TDS, TH, DO, Sio 4 , PO 4 , Cl, and So 4 showed higher values during the wet months, while others like NH 3 and BOD were higher during dry (Figure 3 ).
Among the heavy metals, only Copper (Cu) showed higher upstream values, others were concentrated midstream (waterfall region). Also, all heavy metals except Magnesium (Mg), Copper (Cu) and Calcium (Ca) recorded higher concentrations during the wet months of September and October (Figure 4 ).
Discussion
Physico-chemical parameters recorded in this study serve as indication of the level of water quality of the different sections of the Agbokum waterfall during different seasons. Positive correlation between water level and rainfall indicate that the water level increases with increasing rainfall. Variation in amount and duration of rainfall had been found (Egborge, 1994) to affect physico-chemical parameters of water (Adebisi, 1981) . Inverse relationship between transparency and other hydrological parameters agrees with findings by Egborge (1977) in inland waters. They both established that as flooding occurred due to heavy rainfall and consequent rise in water levels, water width, water velocity, water depth and water discharge, run-off from nutrient rich agricultural lands and other industries increased, particles and debris are carried along while others are re-suspended under action of wind. The resultant high rate of turbidity affects the water transparency and consequent increase in the nutrient concentration. The higher concentration of some parameters in this study may be due to the road construction carried out near the study area as large amount of silt and rock salt (applied to road) generated, are washed into the river. The high level of some parameters during wet season is due to rain water carrying wastewater from various sources. Dissolved oxygen level (9.7 mg/l) recorded in the waterfall region of the study area was higher compared to other parts of the river and higher than 4.94-5.9mg/l recorded for Ogun river (Adebisi, 1981) and 2.4-7.0 mg/l for Calabar River (Asuquo, 1999) both in Nigeria. Low organic enrichment and turbulence nature of waterfall had been suggested (Mason (1992) as the possible reason responsible for such high oxygen values. On the other hand, low dissolved oxygen observed downstream of the waterfalls could be attributed to low water velocity thus reducing the movement of the waters (Odinetz, 1989) and dissolution of oxygen. Oxidation of humic compounds available for decomposition as a result of inundation of lands, numerous swamps and forest in this region (Enrique, 1992) could bring down oxygen in the area. Also photosynthetic activity is reduced due to forest cover along the shoreline, hence reduction in dissolved oxygen (Silva & Rowland, 1987) . The values of dissolved oxygen fell within the ranges (5.0-9.0 mg/l) documented by Alabaster (1982) for good water quality suitable for aquatic organisms. Seasonal variation in dissolved oxygen content with higher values during the rains could be due to lower water temperature and increased aeration due to increased agitation of the water. BOD values were less than 5 mg/l in all site and seasons sampled, indicating absence of organic matter pollution sources in the area (Patki, 2002) . Average pH values obtained in this study agree with those documented by Fakayode (2005) as values most suitable for maximum productivity of aquatic organisms. Though normal biological activity is restricted to pH of 6-8, for natural water, the EEC (1980) guide limit for water requiring simple physical treatment and disinfection is 6.5 -8.5. Our water samples from the three sampling sections of the river and the two seasons in the study area, recorded pH values within 5.8 -7.4. Low wet season pH values indicate that the water resource is not suitable for fish culture and drinking during the period, and might be due to higher input of allochthonous organic matter and increased anthropogenic acidification from rain water and runoff from neighboring farmlands. The dry season pH levels in this study indicate moderate quality of water. None of the samples used for determining TDS was up to maximum admissible concentration (600 mg/l) of total solids as stipulated by WHO (1989) and EEC (1976). The guide limit (EEC, 1976) of water conductivity is 400µS/cm. From our data, only the wet season samples were up to 146 µS/cm. The Mean value, 22.6 mg/l of chloride concentration, recorded in the waterfalls region and 76.4±2.2 mg/l downstream, were lower than the value (105.8 ± 7.8 mg/l) from Cross River (Offem et al., 2009 ) but higher than 15.6 ± 3.7 mg/l from Obubra lake (Offem et al., 2011) in Nigeria and Kheenjhar Lake (88.8±3.2 in Pakistan (Goel et al., 1980) . Higher level of chlorides downstream is an indication that either the seawater within the area has great influence in the waterfalls or due to organic pollution by domestic sewage (NEERI, 1979; Goel et al., 1980) . Alkalinity in the waterfalls during this study was found to be within tolerance limit of biota indicating good water quality. However, 38.2 ± 3.4 mg/l recorded was comparable to 48.9mg/l in Ejagham lake (Offem et al., 2011) but lower than 288.8±20.1mg/l from Cross River (Offem et al., 2009) and 287 mg/l in Keenjhar lake (Korai, 2008) . Total hardness 88.8 mg/l in waterfalls was far less than, values from Cross River (208 ± 10.6mg/l (Offem et al., 2009 ), 143 ± 23.2 mg/l Ejagham lake and 370mg/l Keenjhar lake. The value relates to moderately soft water according to DWAF (1996) , classification of water in terms of hardness and softness: 0-50 (soft), 50-100 (moderately soft), 100-150 (moderately hard), and 250 and above (hard). Higher values in the waterfall region may be as a result of rocky substratum and higher wet season hardness could be due to inputs from runoff. Sulfate concentration was low in all study sites and seasons probably due to low-level combustion of Sulphur containing hydrocarbon fuels in the area. This observation is supported by low levels of acidity in the area. Level of nitrate concentration is far lower than the Target Water Quality Range (TWQR) for nitrates indicating good water quality. Therefore, biological oxidation of nitrogenous organic matter of both autochthonous and allochthonous origin (e.g. domestic sewage, agricultural runoffs and effluents from industries), the major source of aquatic nitrates, are at their minimum in the study area (Saxena, 1998) . Nitrates are required by all organisms for the basic process of life to make proteins required for growth and reproduction.
The higher levels in the waterfalls region of all heavy metals investigated but Copper, (Cu) might be due to the turbulence nature of this section of the river which brings up heavy metal lost to the sediments. Higher level concentration of heavy metals in wet season samples may also be due to effluents from runoff and water-sediment mixing process which is at maximum due to wind and storm during this season. We have reasons to be very concerned because although WHO (1998) recommended 0.1mg/l for Pb and 0.003mg/l for Cd, all waterfall and wet season samples where these metals were detected, in this study, quite exceeded the limit and therefore were potentially toxic. Results have shown that concentrations of Lead (Pb) in excess of 0.19mgl -L and 0.30mgL -1 can be potentially harmful to Daphnia magna and Cyclop spp respectively (Offem et al., 2008) . Cadmium high content may be due to prevailing logging activities along the shoreline of the waterfalls and other areas since trace metals such as Cadmium is known to be found in woody and herbaceous materials (Clarke & Sloss, 1992) . Cadmium has long biological life of about 20-30 years. Chronic exposures may eventually accumulate to levels toxic even to man (Hodgson & Levi, 1987) . The WHO (1998) recommended limit for Cr is 0.05mg/l. Our dry season sample of 0.02±0.01mg/l and waterfalls samples of 0.04mg/l falls below the limit. Chromium (Cr) is an essential trace nutrients and is a vital component for glucose tolerance, though, Chromium toxicity damages the liver and kidney (WHO 1988) . For Cu, the recommended level in water is 20mg/l (Pearson, 1976 ) and values of Cu detected in this study were far below the recommended limit. Iron is an essential metal but frequent acute and chronic Fe overload may results in renal failure (Muller Eberhard et al., 1977) . Our data show very unacceptable Fe levels of 0.8mg/l in wet season samples and 0.08mg/l in waterfalls samples which may constitute bad water quality and a risk to health, considering the WHO standard of 0.01mg/l. The high concentration of iron for dry and wet seasons is expected because it has been reported that iron occurs at high levels in Nigerian soils (Prater et al., 1977) . A water treatment softener plan can help with the problem. Zinc is an essential trace metal and all the samples contain appreciable concentrations. WHO action level for Zinc is 3mg/l which is below the concentrations of wet season and waterfall samples in this study. However, Zn does not accumulate with continuous exposure and body content is modulated by homeostatic mechanism that acts mainly on liver levels (Walshe et al., 1995) . Manganese is an essential element and co-factor for several enzymatic reactions. WHO (1984) action level for Manganese is 0.1mg/l. Therefore, results from waterfall and wet season samples showed major threats from Mn poisoning. Mena et al. (1967) reported incidence of respiratory diseases in victims of Mn poisoning. The level of magnesium was quite low in all sites but values were higher during the dry months than wet caused by leaching of rocks in the catchment. It is an important component in the exoskeleton of arthropods and shells of mollusk (Piska, 2000) .
The general outlook of the entire result, indicating higher concentrations of most physic-chemical parameters in the waterfalls section of the river during the wet season may be explained as resulting from high flushing rate in the waterfalls during wet season. The influx of the river water has sufficient energy to cause turbulent water movements which could result in flushing of the water body including sediment. Natural run-off subsurface is also involved in contributing to the concentration level of some heavy metals during the wet season. On the other hand, in the dry season, sedimentation would become more efficient since the water environment is only distributed by wind effect (Asaolu et al., 1997) .
Conclusion
Deleterious levels of Fe, Pb, Cd and Mn, above recommended levels, in the waterfalls region of the river during the wet season, coupled with the acidic nature of the wet samples poses potential health hazards to the aquatic organisms and the inhabitants of the area that use this water resource directly for domestic purpose without treatment. The results indicate a deteriorating water quality of Agbokum waterfalls with the waterfalls region and wet season samples being most critical in any effort geared towards ensuring effective water resource management. 
